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A description of D-T neutron generator (NG) is presented. This machine can be used for fast neutron acti-
vation analysis applied to determine some selected elements, especially light elements, in different mate-
rials. Procedure of neutron flux determination and efficiency calculation is described. Examples of testing
some Egyptian natural cosmetics are given.
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There are many nuclear techniques for elemental analysis such
as neutron activation analysis (NAA). It has gained wide acceptance
as a sensitive and a specific method for the qualitative and quanti-
tative determination of most elements in the periodic table [1].
Besides instrumental neutron activation analysis, INAA, fast neu-
tron activation analysis, FNAA has also been applied for many years
for detecting variety of sample materials (liquids, solids and pow-
ders). It has perhaps not gained the popularity of INAA for elemen-
tal analysis because of its somewhat poorer sensitivity for some
elements. Many publications about FNAA have appeared in the lit-
erature among which Ehmann et al. [2], Bahal and Pepelnik [3], and
Perelnik [4,5] demonstrated the precise and accurate determina-
tion of elemental composition of environment materials.
The use of (FNAA) can be helpful in the determination of a few
selected elements where thermal neutron activation analysis can-
not be used. Certain elements which cannot be measured via (n,c)
reactions are possibly detected using the (n,p), (n,a) or (n,2n) reac-
tions induced by fast neutrons especially light elements. The cross
sections for fast neutron reactions are generally lower than for
thermal neutron activation and so the detection limits are in mil-
ligrams compared to micrograms for thermal neutrons.
Today the development of low voltage neutron generator (NG)
is used in this field, neutrons are produced in continuous mode
by creating deuterium ions and accelerating these ions into atritium or deuterium target according to the following reactions:
3H(d,n)4He, En = 14 MeV or 2H(d,n)3He, En = 2.5 MeV.
Experimental setup
In the present study, 14 MeV-neutron activation analysis was
performed with NG model (A-1254) [6–8]. It consists of four main
parts: the accelerator, cooling and vacuum unity, power supply and
remote control console. Deuterium gas is moved through palla-
dium leak assembly into the ion source. Ions are generated using
a penning ion source and accelerated under190 kV. The target is
isolated from the rest of the accelerator tube. All of these parts
are under vacuum 108 tr. The general scheme of this model is
shown in Fig. 1. Two brands of Egyptian natural cosmetics, labeled
as sample 1, and sample 2 respectively were chosen for 14 MeV
FNAA. About 2 g of cosmetic sample were weighted and pressed
under a pressure of 200 kg/cm2 and placed into polyethylene cap-
sules with 13 mm diameter and 8 mm height.
The full filled capsules were sealed to avoid any loss of material
during activation and transfer. The samples were irradiated for
300 s then transferred by pneumatic system within 30 s to the
counting position.
The gamma ray counting system consists of high pure germa-
nium detector (the typical detector specification was relative effi-
ciency 25%, energy resolution of 1.9 keV at 1332.5 keV of Co60
and a peak to Compton ratio of 54:1). The other associated elec-
tronics consisted of an H.V model ORTEC 660, an amplifier of type
TC-243 TENNELEC and a computerized cart analyzer.
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Fig. 1. Structure of the neutron generator.
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Fig. 2. Comparison of the experimental and calculated efficiencies of a HPGe
detector at different source–detector distances.
M.E. Medhat / Results in Physics 6 (2016) 860–862 861Results and discussion
In this study, Aluminum foil is used by the reaction 27Al(n,p)
27Mg emits 843 keV with half life 9.5 min. Two split sectorTable 1
Concentration of major elements (in %) in two types of Egyptian natural cosmetics.
Element Reaction r
mb
Ec
(keV)
Mg 26Mg(n,p)24Na 181 1368.5
Al 27Al(n,p) 27Mg 75 843.7
Si 29Si(n,p)29Al 135 1273
Ba 138Ba(n,2n)Ba137m 1020 661.6
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Fig. 3. Gamma ray spectra of a neutron-activated sample of Egyptian cosmetics (saaluminum foils were placed to the left and right sides across the
sample container. The flux measured was 108 n cm2 s1 at a dis-
tance 1 cm.
The concentration of a certain element (c) within a sample at
the end of the irradiation can be obtained from the well-known
activation equation:
C ¼ P
M½NA=Ah/rZfXe ð1Þ
where P is the full energy peak area;M is the total mass of the sam-
ple; NA is the Avogadro number; A is the atomic weight of the ele-
ment; h is the isotopic abundance; / is the effective flux measured
by a calibrated Al foil monitor; r is the reaction cross-section; f is
the relative gamma ray intensity; X is the counting solid angle
(corrected for photon absorption); e is the full energy peak effi-
ciency of the gamma detector, and z is the time factor.
z ¼ ð1 ekti Þektc ¼ ð1 ektm Þ=k ð2Þ
where ti is the irradiation time; tc is the cooling time; tm is the
counting time and k is the decay constant. The efficiency values e
in the region 50–2000 was obtained by fitting the following empir-
ical function to the experimental points:
lnðeff Þ ¼
Xn
i¼0
Xm
j¼0
kijd
jðlnðEÞÞi ð3Þ
where kij is the fitting parameters and d is the distance from the sur-
face detector. The comparison of the experimental and calculated
data is shown in Fig. 2.
Evaluating the results of FNAA, a major problem is that fast
neutrons may lead to neighboring isotopes to produce the same
radio-nuclide through different reactions. Such interference can
be correct, if the contributing element is accurately detected by a
second reaction channel. According to Bahal and Pepelnik [2], if
there is interference by an element i, at a concentration of Ci
producing the same isotope, the total peak area PT is given by
(PT = Pu + Pi); where Pu and Pi are the numbers of peak counts due
to the unknown element and the interfering element respectively
so the concentration of the unknown element can be calculated
by this equation.Interference Sample1 Sample2
Al 0.432 ± 0.046 0.382 ± 0.004
Si 0.105 ± 0.030 0.152 ± 0.002
– 0.347 ± 0.042 0.486 ± 0.005
– 0.113 ± 0.028 0.036 ± 0.002
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Fig. 4. Gamma ray spectra of a neutron-activated sample of Egyptian cosmetic (sample 2); irradiation time 300 s, waiting time 500 s and counting time 1000 s.
862 M.E. Medhat / Results in Physics 6 (2016) 860–862The concentrations of, Mg, Al, Si and Ba were determined in a
powdered cosmetic sample1, and sample 2 as shown in Table 1
and the spectra of the two samples are shown in Figs. 3 and 4.
Magnesium
The most sensitive reaction for this element is the 26Mg(n,a)23Ne
reaction. The isotope 23Ne is also produced by 23Na (n,p) reaction,
which is more sensitive and rather strong interference (92.5%) and
therefore leads to a large error in the Mg determination if 23Ne is
used. An alternative reaction for the determination of this element
is the 26Mg(n,p)24Na reaction with gamma line 1368.5 keV,
T1/2 = 14.959 h. The possible interference produced by the 27Al(n,
a)24Na reaction was considered and the necessary correction was
considered. The effect of the 23Na (n,c) 24Na was omitted since
the thermal neutron contribution is small.
Aluminum
The most sensitive reaction for this element is the 27Al(n,p)
27Mg reaction with gamma line 843.7 keV, T1/2 = 9.462 min. The
interference due to 30Si(n,a)27Mg reaction was corrected for using
the gamma line 1273.3 keV of the 30Si(n,p)29Al reaction.
Silicon
The most sensitive reaction for this element is the 28Si(n,p)28Al
reaction with gamma line 1779.0 keV, T1/2 = 2.241 min, but also the
interference from the reaction 31p(n,a)28Al reaction is done. So, to
solve this interference, the 29Si(n,p)29Al reaction, producing
gamma line 1273.3 keV, T1/2 = 6.56 min was used for silicon
determination.Barium
The most sensitive reaction for this element is the 138Ba(n,2n)
138mBa reaction, producing gamma line 661.6 keV, T1/2 = 2.55 min,
there is no interference from 137Cs because the samples was mea-
sured before irradiation.
Conclusion
The 14 MeV FNAA will never replace INAA for the analysis of
elements in different samples however, this facility is an essential
complement to thermal neutron activation analysis because it has
a higher detection sensitivity toward most of the light elements in
the periodic tables.
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